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7KLVGULYLQJVLPXODWRUVWXG\FRQGXFWHGDVSDUWRIWKH(&-IXQGHG$GDSW,9HSURMHFWLQYHVWLJDWHG
WKHHIIHFWRIOHYHORIGLVWUDFWLRQGXULQJDXWRPDWLRQ/HYHO6$(RQGULYHUV¶DELOLW\WRDVVHVV
DXWRPDWLRQXQFHUWDLQW\DQGUHDFWWRDSRWHQWLDOFROOLVLRQVFHQDULR'ULYHUV¶DWWHQWLRQWRWKHURDG
ZDVYDULHGGXULQJDXWRPDWLRQLQRQHRIWZRGULYLQJVFUHHQPDQLSXODWLRQFRQGLWLRQVRFFOXVLRQE\
OLJKWIRJDQGRFFOXVLRQE\KHDY\IRJ9HKLFOH-EDVHGPHDVXUHVGULYHUV¶H\HPRYHPHQWVDQG
UHVSRQVHSURILOHVWRHYHQWVDIWHUDQDXWRPDWLRQXQFHUWDLQW\SHULRGZHUHPHDVXUHGGXULQJD
KLJKO\DXWRPDWHGGULYHFRQWDLQLQJRQHRIWKHVHPDQLSXODWLRQVDQGFRPSDUHGWRPDQXDOGULYLQJ
,QWZRRIVHYHQXQFHUWDLQW\HYHQWVDOHDGYHKLFOHEUDNHGFDXVLQJDFULWLFDOVLWXDWLRQ'ULYHUV

UHDFWLRQVWRWKHVHFULWLFDOHYHQWVZHUHFRPSDUHGLQDEHWZHHQ-VXEMHFWVGHVLJQZKHUHWKH
GULYLQJVFHQHZDVPDQLSXODWHGIRUPLQXWHV5HVXOWVVKRZHGWKDWGXULQJDXWRPDWLRQGULYHUV¶
UHVSRQVHSURILOHWRDSRWHQWLDOFROOLVLRQVFHQDULRZDVOHVVFRQWUROOHGDQGPRUHDJJUHVVLYH
LPPHGLDWHO\DIWHUWKHWUDQVLWLRQFRPSDUHGWRZKHQWKH\ZHUHLQPDQXDOFRQWURO:LWKUHVSHFWWR
VFUHHQPDQLSXODWLRQLQSDUWLFXODUGULYHUVLQWKHKHDY\IRJFRQGLWLRQFROOLGHGZLWKWKHOHDGYHKLFOH
PRUHRIWHQDQGDOVRKDGDORZHUPLQLPXPKHDGZD\FRPSDUHGWRWKRVHLQWKHOLJKWIRJFRQGLWLRQ 
,1752'8&7,21 
7KHHPHUJHQFHRIYHKLFOHDXWRPDWLRQSUHVHQWVDUDGLFDOVKLIWLQWKHZD\WKDWGULYHUVLQWHUDFW
ZLWKWKHLUYHKLFOHVDQGWKHGULYLQJWDVNLWVHOI([WHQVLYHUHVHDUFKKDVEHHQFDUULHGRXWRQWKH
KXPDQIDFWRUVLVVXHVUHODWLQJWRORZHUOHYHOV6$(/HYHODQGRIYHKLFOHDXWRPDWLRQVXFK
DV$GDSWLYH&UXLVH&RQWURO$&&IRUDUHYLHZVHH'H:LQWHU+DSSHH0DUWHQV	6WDQWRQ
+RZHYHULQYHVWLJDWLQJWKHKXPDQIDFWRUVLPSOLFDWLRQVRIKLJKHUOHYHOVRIDXWRPDWLRQXS
WR6$(/HYHOKDVEHHQVRPHZKDWFRQVWUDLQHGE\WKHIDFWWKDWWKHGHYHORSPHQWDQG
LPSOHPHQWDWLRQRIWKLVWHFKQRORJ\LVVWLOOVRPHZD\RII,WLVDUJXHGWKDWDVDXWRPDWLRQ
DGYDQFHVLWZLOOLQFUHDVLQJO\UHOLHYHGULYHUVRIWKHPRPHQW-WR-PRPHQWGHPDQGVRIGULYLQJ/HH
+RZHYHUDVWKHVHV\VWHPVZLOOOLNHO\EHIDOOLEOHIRUVRPHWLPHWRFRPHWKHGULYHUZLOORQ
RFFDVLRQVEHUHTXLUHGWRLQWHUYHQHDQGUHVXPHFRQWUROIURPDXWRPDWLRQ 
8QGHUVWDQGLQJWKHIDFWRUVWKDWLQIOXHQFHGULYHUGLVWUDFWLRQLVXQGHUSLQQHGE\DVWURQJWKHRUHWLFDO
RULHQWDWLRQZLWKPXOWLSOHGHILQLWLRQV$PRQJVWWKHVH/HH5HJDQ	<RXQJ¶VSLV
ZLGHO\XVHG³'ULYHUGLVWUDFWLRQLVDGLYHUVLRQRIDWWHQWLRQDZD\IURPDFWLYLWLHVFULWLFDOIRUVDIH
GULYLQJWRZDUGVDFRPSHWLQJDFWLYLW\´$NH\DVVXPSWLRQKHUHLVWKHFRPSHWLWLRQIRUDWWHQWLRQDO
UHVRXUFHVEHWZHHQWKHGULYLQJWDVNDQGDQRWKHU-VHFRQGDU\-DFWLYLW\)RUWKHHDUO\JHQHUDWLRQV
RIDXWRPDWLRQ/HYHO-6$(KRZHYHUWKH³DFWLYLWLHVFULWLFDOIRUVDIHGULYLQJ´ZLOOEH
VRPHFRPELQDWLRQRIWKHGULYHUPRQLWRULQJWKHHQYLURQPHQWDQGEHLQJWKHIDOO-EDFNRSHUDWRU
+RZHYHULQFUHDVLQJDXWRPDWLRQLVOLNHO\WRHQFRXUDJHGULYHUHQJDJHPHQWLQVHFRQGDU\WDVNV
EHFDXVHGULYHUVDUHQRORQJHUUHTXLUHGWRSDUWLFLSDWHLQWKHGULYLQJWDVNDWDOOWLPHV0HUDW	
/HH,QGHHGSUHYLRXVZRUNFRQGXFWHGLQRXUODERUDWRULHVKDVIRXQGWKDWGXULQJ+LJKO\
$XWRPDWHG'ULYLQJ+$'GULYHUVDUHPRUHOLNHO\WRHQJDJHLQWDVNVXQUHODWHGWRGULYLQJ
&DUVWHQ%DUQDUG-DPVRQ	0HUDW7KHQDWXUHRIWKLVGLVWUDFWLRQGXULQJDXWRPDWLRQFDQ
EHERWKGULYHU-LQLWLDWHGDQGVWLPXOXV-RULHQWHGZKLOVWGULYHUVDUHDOVRVXVFHSWLEOHWRVWLPXOXV-
LQGHSHQGHQWWKRXJKWRUPLQG-ZDQGHULQJ6XFKVKLIWVLQDWWHQWLRQFDQLQWHUIHUHZLWKSURFHVVLQJRI
RUUHDFWLRQWRVDIHW\-FULWLFDOHYHQWVDQGVWLPXOLVXFKDVURDGZD\KD]DUGV/L0DJUDEL	&RLHUD
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$VWKHOHYHORIYHKLFOHDXWRPDWLRQLQFUHDVHVGULYHUVDUHOLNHO\WRIXUWKHUGLVHQJDJHIURP
GULYLQJ&DUVWHQHWDODQGPD\IRUH[DPSOHIDLOWRUHFRJQLVHDQGDFWXSRQDKD]DUG
ZKHQIDFHGZLWKDWDNH-RYHU-UHTXHVW725*ROG'DPE|FN/RUHQ]	%HQJOHU 
7KHUHIRUHZRUVHGULYLQJSHUIRUPDQFHDIWHUWKHWUDQVLWLRQLVOLNHO\XQOHVVGULYHUVDUHJLYHQWKH
FRUUHFWLQIRUPDWLRQIRUUHVXPSWLRQRIFRQWUROLQDQDSSURSULDWHDQGWLPHO\PDQQHU)RUH[DPSOH
GULYHUV¶UHDFWLRQWLPHWRFULWLFDOHYHQWVFDQEHPDUNHGO\UHGXFHGGXULQJGLVWUDFWLRQZLWKD
VHFRQGDU\WDVN0HUDW-DPVRQ/DL	&DUVWHQ'ULYHUGLVWUDFWLRQUHVHDUFKKDV
WUDGLWLRQDOO\HPSOR\HGDGXDO-WDVNSDUDGLJPWRH[SODLQSHUIRUPDQFHYLDFRPSHWLWLRQIRU
DWWHQWLRQDOUHVRXUFHVZKHUHGULYLQJLVWKHSULPDU\WDVN6WUD\HU	-RKQVWRQ'XULQJ
DXWRPDWLRQKRZHYHUWKHGULYHULVQRWLQFRQWURORIWKHYHKLFOHZKLFKPHDQVWKDWDGXDO-WDVN
SDUDGLJPLVQRWSRVVLEOHLQWKHVWXG\RIWUDQVLWLRQV7KHUHIRUHWRVWXG\WKHHIIHFWVRIVWLPXOXV-
LQGHSHQGHQWWKRXJKWWKDWPD\RFFXUEHIRUHGXULQJDQGRUDIWHUDWUDQVLWLRQWKHUHLVQHHGIRUWKH
GHYHORSPHQWRIDVXLWDEOHPHWKRGRORJ\WRHVWDEOLVKZKDWPHFKDQLVPVFRQWULEXWHWRKRZDGULYHU
PLJKWJRIURPEHLQJHQJDJHGZLWKWKHGULYLQJWDVNGXULQJDXWRPDWLRQWREHLQJGLVHQJDJHGRU
SURQHWRPLQG-ZDQGHULQJDSURFHVVDOVRUHIHUUHGWRDVSDVVLYHIDWLJXHVHH1HXEDXHU
/DQJKHLP0DWWKHZV	6D[E\,WLVDOVRLPSRUWDQWWRHVWDEOLVKZKHWKHUDQGKRZWKH
HIIHFWRIVXFKVWDWHVFDQEHHDVLO\PHDVXUHG 
0DQ\RIWKHVWXGLHVRQWUDQVLWLRQVKDYHUDWKHUORRVHO\DWWULEXWHGOHVVHIIHFWLYHGULYLQJDIWHU
UHWXUQ-WR-PDQXDOFRQWUROWRSKHQRPHQDVXFKDVRXW-RI-WKH-ORRS227/RUKDYLQJORVWVLWXDWLRQ
DZDUHQHVV6$8QKHOSIXOO\KRZHYHUWKHUHLVVRPHFRQIXVLRQDURXQGWKHGLVWLQFWLRQEHWZHHQ
WKH227/VWDWHDQG6$LQWHUPVRIZKDWWKHWZRFRQFHSWVHQFRPSDVVIRUH[DPSOHZKHWKHU
WKH\HQJDJHVSHFLILFDWWHQWLRQDOGRPDLQVRUZKHWKHUWKH\DUHVRPHZKDWDQDORJRXV)URPD
SXUHO\WKHRUHWLFDOSHUVSHFWLYH(QGVOH\VXJJHVWVDORVVRI6$LVUHODWHGWRHOHPHQWV
ZLWKLQWKHHQYLURQPHQWZKLOHEHLQJ227/LVVSHFLILFDOO\OLQNHGWRHOHPHQWVRIWKHDXWRPDWLRQ
VWDWXVLWVHOI7RIXUWKHUFRPSOLFDWHWKHPDWWHUWKHUHLVVRPHGHEDWHDURXQGWKHXVHIXOQHVVRU
YDOLGLW\RIHDFKFRQFHSW&DUVWHQ	9DQGHUKDHJHQ2QHFRXOGGUDZDGLVWLQFWLRQEHWZHHQ
DWWHQWLRQDODVSHFWVDQGSK\VLFDODVSHFWVRIFRQWURO)RUH[DPSOHLQDUHFHQWGULYLQJVLPXODWRU
VWXG\ZHDWWHPSWHGWRLVRODWHWKHHIIHFWVRIWKHDWWHQWLRQDODQGSK\VLFDODVSHFWVRIGULYLQJRQD
GULYHU¶VDELOLW\WRUHVXPHPDQXDOFRQWURODQGUHVSRQGWRDQLPSHQGLQJFROOLVLRQVFHQDULRDIWHU
VRIDXWRPDWLRQ/RXZ0HUDW	-DPVRQ,QWKHILUVWDXWRPDWLRQFRQGLWLRQSDUWLFLSDQWV
ZHUHDVNHGWRNHHSWKHLUH\HVRQWKHURDGZKLOHLQWKHVHFRQGWKH\ZHUHGLVWUDFWHGE\D
VHFRQGDU\WDVNUHDGLQJRQD3'$ZKLFKIRUFHGWKHLUYLVXDODWWHQWLRQDZD\IURPWKHGULYLQJ
VFHQH 
7RDVVHVVWKHSK\VLFDODVSHFWRIUHVXPLQJFRQWUROZHFRPSDUHGGULYHUUHVSRQVHVLQERWK
DXWRPDWLRQFRQGLWLRQVWRDPDQXDOFRQGLWLRQ2XUUHVXOWVVKRZHGWKDWVLPSO\KDYLQJWRUHJDLQ
SK\VLFDOFRQWUROLVDQLPSRUWDQWIDFWRULQWKHVHFRQWH[WVEXWWKHH[WHQWWRZKLFKFRJQLWLYH
GLVHQJDJHPHQWDORQHLQIOXHQFHVSHUIRUPDQFHLV\HWWREHHVWDEOLVKHG,WVHHPVWKHUHIRUHWKDW
WKHGLIIHUHQFHEHWZHHQDGULYHUZKRKDVORVW6$DQGDGULYHUZKRLV227/LVWKDWWKHODWWHUVWDWH
DOVRDFFRXQWVIRUWKHHIIHFWRIQRWEHLQJLQSK\VLFDOFRQWURORISHUIRUPDQFH,QDGGLWLRQWKH
GHILQLWLRQRIWKH227/FRQFHSWLVPRUHGHVFULSWLYHDERXWKRZWKHORVVRI6$DULVHV(QGVOH\
DUJXHVWKDWWKHSDVVLYHPRQLWRULQJRIDXWRPDWLRQDVDUHVXOWRIQRWEHLQJLQSK\VLFDO
FRQWUROOHDGVWRGHFUHDVHGYLJLODQFHDQGDORZHUXQGHUVWDQGLQJZKLFKOHDGVWRDORVVRI6$
2XUSURSRVHGVFKHPDWLFUHSUHVHQWDWLRQRIWKH227/SKHQRPHQRQVKRZQLQ)LJXUHVXJJHVWV
WKDWWKHORVVRISK\VLFDOFRQWURODQGWKHORVVRI6$FDQDULVHLQGHSHQGHQWO\DVDUHVXOWRIYHKLFOH
DXWRPDWLRQDQGFDQOHDGWROHVVHIIHFWLYHUHWXUQ-WR-PDQXDOSHUIRUPDQFH,PSRUWDQWO\WKHORVVRI
SK\VLFDOFRQWUROFDQDOVRDFWRQ6$ZKLFKFDQUHVXOWLQOHVVHIIHFWLYHSHUIRUPDQFH 
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Figure 1. Schematic representation of the out-of-the-loop (OOTL) phenomenon. 
%DVHGRQVWXGLHVRI227/SUREOHPVLQKXPDQ-DXWRPDWLRQ-LQWHUDFWLRQLQFRJQDWHGRPDLQVVXFK
DVDYLDWLRQ0ROOR\	3DUDVXUDPDQLWFDQEHDUJXHGWKDWWKHIXUWKHUGULYHUVDUHUHPRYHG
IURPWKHGULYLQJORRSWKHZRUVHWKHLUUHWXUQ-WR-PDQXDOSHUIRUPDQFH7KLVVWUHVVHVWKHQHHGWR
LQYHVWLJDWHWKHHIIHFWRIDXWRPDWLRQDVDGLVWUDFWLRQDQGLQSDUWLFXODUKRZVWLPXOXV-LQGHSHQGHQW
WKRXJKWEURXJKWDERXWE\DXWRPDWLRQDIIHFWVGULYHUV¶UHVXPSWLRQRIPDQXDOFRQWURO+RZHYHU
ZKLOHLQYHVWLJDWLQJWKHHIIHFWVRIVWLPXOXV-RULHQWHGWKRXJKWVLPSO\UHTXLUHVHQJDJHPHQWLQD
VHFRQGDU\WDVNLQGXFLQJVWLPXOXV-LQGHSHQGHQWWKRXJKWLVPRUHFKDOOHQJLQJ7KHUHIRUHWKH
PDLQDLPRIWKLVVWXG\ZDVWRGHYHORSDPHDQVRIVLPXODWLQJYDULRXVGHJUHHVRIWKHGULYHU
227/VWDWHGXULQJ+$'7RGRWKLVZHZRUNHGEDFNIURP(QGVOH\¶VGHILQLWLRQRI6$DQG
227/VWDWH:HDUJXHGWKDWVLPSO\DGGLQJODWHUDODQGORQJLWXGLQDODVVLVWDQFH/HYHO
DXWRPDWLRQLQGXFHGWKHSK\VLFDODVSHFWRIEHLQJ227/7RLQGXFHORVVRI6$ZHSURJUHVVLYHO\
OLPLWHGWKHGULYHU¶VDELOLW\WRSHUFHLYHLQIRUPDWLRQDERXWWKHVWDWXVRIWKHDXWRPDWHGV\VWHPDQG
WKHGULYLQJHQYLURQPHQWLWVHOIE\RYHUOD\LQJDIRJ-OLNHRFFOXVLRQVFUHHQRQWRWKHGULYLQJVFHQH
:HUHDVRQHGWKDWE\SDUWLDOO\EORFNLQJWKHURDGVFHQHVHHPHWKRGVVHFWLRQIRUH[SHULPHQWDO
GHVLJQGULYHUVZRXOGEHVRPHZKDWDZDUHRIWKHLUVXUURXQGLQJVZKLOVWEORFNLQJWKHURDGVFHQH
FRPSOHWHO\KHDY\IRJZRXOGFRPSOHWHO\UHPRYHGULYHUV¶DZDUHQHVVRIWKHLUVXUURXQGLQJV 
:LWKDIHZQRWDEOHH[FHSWLRQVHJ%HOOHUHWDOPRVWSUHYLRXVVWXGLHVRQWUDQVLWLRQV
HJ*ROG	%HQJOHU+HUJHWKHWDOKDYHLQYHVWLJDWHGUHVSRQVHVWRWDNH-RYHU-
UHTXHVWV725EURXJKWRQE\DQDXWRPDWLRQV\VWHP¶VIDLOXUHRUOLPLWDWLRQ7KHVHVWXGLHVKDYH
PRVWO\LQFRUSRUDWHGPDQGDWRU\WUDQVLWLRQV*RRGULFK	%RHURU725VZKLFKHIIHFWLYHO\
LQVWUXFWWKHGULYHUWRUHVXPHFRQWURO,WLVOLNHO\WKHUHIRUHWKDWVXFKPHWKRGVVLPSO\DVVHVV
GULYHUV¶DELOLW\WRUHDFWWRDQDODUPRUWDNHRYHUPHVVDJH$OWKRXJKLQYHVWLJDWLQJKRZGULYHUV
SHUIRUPZKHQWKH\WDNHEDFNFRQWUROLVDQLPSRUWDQWFRQVLGHUDWLRQXQGHUVWDQGLQJWKHLUDELOLW\WR
SURFHVVLQIRUPDWLRQDQGPDNHGHFLVLRQVLQWKHIDFHRIDQDXWRPDWHGV\VWHPZLWKOLPLWHG
FDSDELOLWLHVLVDOVRYDOXDEOH7KHUHIRUHLQWKLVVWXG\ZHXVHGWKHFRQFHSWRIDXWRPDWLRQ
XQFHUWDLQW\RUSRVVLEOHV\VWHPOLPLWDWLRQQRWRQO\WRLPSURYHXQGHUVWDQGLQJRIWKHGULYHU-
DXWRPDWLRQ-LQWHUDFWLRQEXWDOVRDVDPHDQVRIDVVHVVLQJZKHWKHUGULYHUVFRXOGUHFRJQLVHWKH
XQIROGLQJRIDSRWHQWLDOO\FULWLFDOHYHQWZKLFKLVDQLPSRUWDQWHOHPHQWRI6$:HDUJXHWKDWWKH
PRUHGULYHUVZHUHWDNHQ227/WKHZRUVHWKHLUDELOLW\WRUHFRJQLVHDQGUHVSRQGWRURDG-UHODWHG
KD]DUGVZKHQWKHDXWRPDWLRQUHDFKHVLWVOLPLWDWLRQ 
:KLOHWKHGULYHU¶VUROHLQPRQLWRULQJWKHV\VWHPYDULHVDFFRUGLQJWRWKHOHYHORIDXWRPDWLRQWKH
GULYHULVODUJHO\UHPRYHGIURPYHKLFOHFRQWUROZKHQDXWRPDWLRQLQFUHDVHVEH\RQG6$(OHYHO
6$(-DPVRQ0HUDW&DUVWHQDQG/DLVXJJHVWWKDWWKLVWKHQOLPLWVWKHXVHIXOQHVV
RIPDQ\RIWKHPHWULFVWUDGLWLRQDOO\XVHGWRDVVHVVGULYHUEHKDYLRXUVXFKDV6WDQGDUG'HYLDWLRQ
RI/DWHUDO3RVLWLRQ6'/37KHUHLVWKHUHIRUHDQHHGWRGHYHORSDVHWRIREMHFWLYHIRUPDWLYH
PHDVXUHVRIWKHTXDOLW\DQGVDIHW\LPSOLFDWLRQVRIWKHWUDQVLWLRQ/RXZHWDOUDWKHUWKDQ
UHO\LQJRQV\VWHP-GHSHQGDQWHYDOXDWLYHPHDVXUHV7KHUHIRUHDQRWKHUDLPRIWKLVVWXG\ZDVWR
FRQVLGHUDOWHUQDWLYHPHDVXUHVWRDVVHVVWKHWUDQVLWLRQWRPDQXDOFRQWUROIURPDXWRPDWLRQ 
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0(7+2'6 
3DUWLFLSDQWV 
)ROORZLQJDSSURYDOIURPWKH8QLYHUVLW\RI/HHGV5HVHDUFK(WKLFV&RPPLWWHHSDUWLFLSDQWV
PDOHEHWZHHQWKHDJHVRIDQG0 6' ZHUHUHFUXLWHGYLDWKHGULYLQJ
VLPXODWRUGDWDEDVHDQGZHUHSDLGIRUWDNLQJSDUW3DUWLFLSDQWVKDGQRUPDORUFRUUHFWHG-WR-
QRUPDOYLVLRQZHUHUHTXLUHGWRKDYHKDGDGULYLQJOLFHQFHIRUDWOHDVWILYH\HDUV0 
6' DQGGULYHDWOHDVWWZLFHDZHHNPHDQDQQXDOPLOHDJHZDVPLOHV 
'HVLJQDQG3URFHGXUH 
0DWHULDOV 
7KHH[SHULPHQWZDVFRQGXFWHGLQWKH8QLYHUVLW\RI/HHGV'ULYLQJ6LPXODWRUZKLFKFRQVLVWVRID
-DJXDU6-W\SHFDEZLWKDOOGULYHUFRQWUROVRSHUDWLRQDO7KHYHKLFOHLVKRXVHGZLWKLQDP
VSKHULFDOSURMHFWLRQGRPHDQGKDVDILHOG-RI-YLHZSURMHFWLRQV\VWHP$Y6HHLQJ
0DFKLQHVIDFH/$%H\H-WUDFNHUZDVXVHGWRUHFRUGH\HPRYHPHQWVDW+] 
'HVLJQ 
$UHSHDWHGPHDVXUHVPL[HGGHVLJQZDVXVHGIRUWKLVVWXG\ZLWKDEHWZHHQ-SDUWLFLSDQWIDFWRURI
&RQGLWLRQOLJKWIRJKHDY\IRJDQGZLWKLQ-SDUWLFLSDQWIDFWRUVRI'ULYHPDQXDODXWRPDWHGDQG
(YHQWFULWLFDOHYHQWFULWLFDOHYHQW 
7KHH[SHULPHQWDOVHVVLRQFRQVLVWHGRIWZRGULYHVPDQXDODQGDXWRPDWHGODVWLQJDERXW
PLQXWHVHDFKDQGWRDOOHYLDWHV\PSWRPVRIIDWLJXHSDUWLFLSDQWVZHUHJLYHQDVKRUWEUHDN
EHWZHHQGULYHV3DUWLFLSDQWVGURYHH[DFWO\WKHVDPHURDGLQERWKGULYHVEXWDVFUHHQ
PDQLSXODWLRQZDVDSSOLHGWRWKHDXWRPDWHGGULYHRQO\7KHRUGHURIGULYHVZDVFRXQWHUEDODQFHG
DFURVVSDUWLFLSDQWVZLWKKDOIRIWKHSDUWLFLSDQWVSHUIRUPLQJWKHPDQXDOGULYHILUVWDQGWKH
DXWRPDWHGGULYHVHFRQGRUYLFHYHUVD$VVKRZQLQ)LJXUHZLWKLQHDFKGULYHWKHUHZHUH
VHYHQGLVFUHWHHYHQWVHDFKODVWLQJDSSUR[LPDWHO\V(YHQWVDQGZHUHQRQ-FULWLFDO
ZKLOHHYHQWVDQGZHUHFULWLFDO'XULQJWKHQRQ-FULWLFDOHYHQWVWKHOHDGYHKLFOHZRXOGHLWKHU
VSHHGXSRUFKDQJHODQHZKLOHLQWKHFULWLFDOHYHQWVWKHOHDGYHKLFOHEUDNHGDWWLPH-WR-
FROOLVLRQ77&RIVUHVXOWLQJLQDQLPSHQGLQJFROOLVLRQVFHQDULRLIWKHGULYHUPDGHQRUHVSRQVH 
 
Figure 2. Schematic representation of each discrete event, with events two and six 
shown as critical. 
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7RLQGXFHWKH227/VWDWHGXULQJWKHDXWRPDWHGGULYHVZHHPSOR\HGWZRVFUHHQPDQLSXODWLRQ
WHFKQLTXHV,QWKHOLJKWIRJFRQGLWLRQDWUDQVOXFHQWJUH\ILOWHUZDVRYHUODLGRQWRWKHURDGVFHQH
+HUHGULYHUVZHUHDEOHWRGLVWLQJXLVKHOHPHQWVRIWKHURDGHQYLURQPHQWDQGPRYHPHQWVRIWKH
VXUURXQGLQJYHKLFOHVWKHDLPRIWKHPDQLSXODWLRQZDVWRVLPXODWHDSURFHVVZKHUHE\OLPLWHG
YLVXDODWWHQWLRQZDVGLUHFWHGWRZDUGVWKHVFUHHQIRUH[DPSOHZKHQGULYHUVDUHHQJDJHGLQ
UHDGLQJDQHPDLOEXWSDUWO\DZDUHRIWKHGULYLQJVFHQHLQWKHLUSHULSKHUDOYLVLRQ,QWKHKHDY\IRJ
FRQGLWLRQDQRSDTXHJUH\ILOWHURYHUODLGWKHURDGVFHQH7KLVPDQLSXODWLRQHIIHFWLYHO\EORFNHGDOO
YLVXDOLQIRUPDWLRQIURPWKHURDGHQYLURQPHQW)RUERWKPDQLSXODWLRQVGULYHUVZHUHDOVRXQDEOH
WRVHHWKH+0,ZKLFKSRUWUD\HGWKHVWDWXVRIWKHDXWRPDWHGV\VWHP 
3URFHGXUH 
8SRQDUULYDOSDUWLFLSDQWVZHUHEULHIHGRQWKHGHVFULSWLRQRIWKHVWXG\DQGZHUHDVNHGWRVLJQD
FRQVHQWIRUPZLWKDQRSSRUWXQLW\WRDVNDQ\TXHVWLRQVLIUHTXLUHG7KH\ZHUHWKHQJLYHQWKH
RSSRUWXQLW\WRSUDFWLFHPDQXDOGULYLQJDQG+LJKO\$XWRPDWHG'ULYLQJ+$'ZLWKLQDIUHH-IORZLQJ
-ODQHPRWRUZD\'XULQJWKHSUDFWLFHVHVVLRQSDUWLFLSDQWVZHUHWDONHGWKURXJKWKHYDULRXV
DVSHFWVRIWKHYHKLFOH+0,)LJXUHZHUHVKRZQKRZWRHQJDJHDQGGLVHQJDJHWKH
DXWRPDWLRQDQGZHUHDOVRVKRZQWKHVFUHHQPDQLSXODWLRQWKH\ZRXOGHQFRXQWHUGXULQJWKH
H[SHULPHQWDODXWRPDWHGGULYH7KHURDGFRQWDLQHGDPELHQWWUDIILFEXWSDUWLFLSDQWVGLGQRW
H[SHULHQFHWKHFULWLFDOHYHQWVGXULQJWKHSUDFWLFHGULYHV 
,QWHUPVRIDXWRPDWLRQXQFHUWDLQW\SDUWLFLSDQWVZHUHWROGWKDWVKRXOGWKHDXWRPDWLRQEHFRPH
XQFHUWDLQGXULQJWKHGULYHVHHEHORZIRUKRZWKLVZDVSRUWUD\HGWKH\VKRXOGPRQLWRUWKH
GULYLQJHQYLURQPHQWDQGGHWHUPLQHIRUWKHPVHOYHVZKHWKHURUQRWWRLQWHUYHQH3DUWLFLSDQWV
ZHUHLQVWUXFWHGWRVWD\LQODQHRIWKHPRWRUZD\IRUWKHGXUDWLRQRIWKHGULYHEXWZHUHSHUPLWWHG
WRFKDQJHODQHLQFULWLFDOVLWXDWLRQVDQGZHUHWROGWRPRYHEDFNLQWRODQHDVVRRQDVSRVVLEOH
'ULYHUVZHUHDVNHGWRREH\WKHQRUPDOUXOHVRIWKHURDGDQGWRHQVXUHVDIHRSHUDWLRQRIWKH
YHKLFOH 
7RHQJDJHWKHKLJKO\DXWRPDWHGGULYLQJV\VWHPSDUWLFLSDQWVSUHVVHGDEXWWRQRQWKHVWHHULQJ
ZKHHO7RGLVHQJDJHDXWRPDWLRQSDUWLFLSDQWVZRXOGSUHVVWKHVDPHEXWWRQWXUQWKHVWHHULQJ
ZKHHOPRUHWKDQRUSUHVVWKHEUDNHSHGDO'XULQJWKHDXWRPDWHGGULYHSDUWLFLSDQWVZHUH
DVNHGWRPRYHWRWKHFHQWUHRIWKHPLGGOHODQHDVVRRQDVFRQYHQLHQWDQGWKHQDFWLYDWH
DXWRPDWHGGULYLQJDVVRRQDVLWZDVDYDLODEOHVHH)LJXUHZKLFKW\SLFDOO\RFFXUUHGVDIWHU
WKHGULYHEHJDQ,IGULYHUVGLGQRWHQJDJHDXWRPDWLRQDIWHUVWKHV\VWHPHQJDJHG
DXWRPDWLFDOO\7KHDFWLYDWLRQRIDXWRPDWLRQFRQVWLWXWHGWKHVWDUWRIDQHYHQW$IWHUVRI
DXWRPDWHGGULYLQJRQHRIWZRVVFUHHQPDQLSXODWLRQVEHJDQ,WLVLPSRUWDQWWRQRWHWKDWWKH
YHKLFOHG\QDPLFVDVZHOODVDOODXGLWRU\FXHVUHPDLQHGDFWLYHGXULQJWKHVFUHHQPDQLSXODWLRQV
7RHQVXUHGULYHUVZHUHDEOHWRGLVHQJDJHIURPWKHGULYLQJWDVNGXULQJDXWRPDWLRQZLWKRXW
H[SHULHQFLQJDKLJKOHYHORIIDWLJXHZHFKRVHDVFUHHQPDQLSXODWLRQGXUDWLRQRIV$IWHUHDFK
VFUHHQPDQLSXODWLRQWKHSUHVHQFHRIDOHDGYHKLFOHWULJJHUHGDQXQFHUWDLQW\VFHQDULR$WWKLV
SRLQWWKHVFUHHQPDQLSXODWLRQFRQFOXGHGWKHGULYLQJVFHQHZDVDJDLQYLVLEOHDQG
VLPXOWDQHRXVO\WKHDXWRPDWLRQVWDWXVFKDQJHGIURP³(QJDJHG´WR³8QFHUWDLQ´'ULYHUVZHUH
QRWLILHGRIWKLVFKDQJHE\DQDXGLWRU\µEHHS¶DQGWKHDXWRPDWLRQVWDWXVV\PEROZKLFKZDVQRZ
YLVLEOHFKDQJHGIURPJUHHQWRIODVKLQJ\HOORZ7KHGULYHUZDVWKHQH[SHFWHGWRPRQLWRUWKH
VLWXDWLRQDQGLQWHUYHQHLIQHFHVVDU\$IWHUVWKHOHDGYHKLFOHZRXOGPDNHRQHRIWKUHH
PDQRHXYUHV,QWKHQRQ-FULWLFDOHYHQWVWKHOHDGYHKLFOHHLWKHUPRYHGRXWRIODQHRU
VSHGXSZKLOHLQWKHFULWLFDOHYHQWVWKHOHDGYHKLFOHEUDNHGVKDUSO\ZLWKDPD[LPXP
GHFHOHUDWLRQRI-PV 
+XPDQ-0DFKLQH,QWHUIDFH+0, 
7KHVWDWXVRIWKHYHKLFOH¶VDXWRPDWHGV\VWHPZDVLQGLFDWHGE\WKHFRORXURIDVWHHULQJZKHHO
V\PEROWKDWZDVORFDWHGRQWKHOHIWSDQHORIWKHFHQWUDOGLVSOD\XQLW6HH)LJXUH7KHUHZHUH
ILYHSRVVLEOHFRPELQDWLRQVRIWKLVVWDWXVDVRXWOLQHGLQ7DEOH$Q\FKDQJHWRWKHDXWRPDWLRQ
VWDWHZKHWKHUGULYHU-RUV\VWHP-LQLWLDWHGZDVDFFRPSDQLHGE\DQRQ-LQWUXVLYHµEHHS¶WRQH 
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Figure 3. Example of the in-vehicle HMI with the FCW symbol on the left and the 
Automation Status Symbol on the right. 
,QDGGLWLRQWRWKHDXWRPDWLRQVWDWXVD)RUZDUG&ROOLVLRQ:DUQLQJ)&:V\PEROZDVLQFOXGHGLQ
WKHOHIWSDQHORIWKHFHQWUDOGLVSOD\XQLW)LJXUH$FWLYHRQO\ZKHQDXWRPDWLRQZDVHQJDJHG
WKLVV\VWHPSURYLGHGDYLVXDODSSUR[LPDWLRQRIWKHKHDGZD\RIWKHOHDGYHKLFOHLQVHFRQGV$
FRQWLQXRXVDODUPDOHUWHGGULYHUVRIDQLPPLQHQWFROOLVLRQZKHQHYHU77&ZLWKWKHOHDGYHKLFOH
ZDVEHORZDWKUHVKROGRIV7RIXUWKHUGHSULYHGULYHUVRIV\VWHPLQIRUPDWLRQGXULQJDXWRPDWLRQ
WKHDXWRPDWLRQVWDWXVVWHHULQJZKHHODQGWKH)&:VWDWXVZHUHDOVRKLGGHQ+RZHYHU
SDUWLFLSDQWVZHUHDEOHWRUHYHDOWKH+0,DWDQ\SRLQWE\SXOOLQJWKHOHIWLQGLFDWRUVWLFNWRZDUGV
WKHP7KLVDFWLRQLOOXPLQDWHGWKH+0,IRUV3DUWLFLSDQWVZHUHDEOHWRGRWKLVDVRIWHQDVWKH\
ZDQWHG 
 
Table 1: Description of the automation status HMI 
6WHHULQJ:KHHO
6\PERO&RORXU 
$XWRPDWLRQ
VWDWXV 'HVFULSWLRQ 
*UH\ 8QDYDLODEOH 
,QGLFDWHVWKDWDXWRPDWLRQLVQRWDYDLODEOHWREHHQJDJHGE\WKH
GULYHU$SSHDUVGXULQJWKHILUVWVRIWKHDXWRPDWHGGULYHDQG
ZKHQWKHYHKLFOHLVQRWLQWKHPLGGOHRIWKHPLGGOHODQH 
)ODVKLQJJUHHQ $YDLODEOH ,QGLFDWHVWKDWWKHGULYHULVDEOHWRHQJDJHDXWRPDWLRQ$SSHDUVZKHQWKHYHKLFOHLVLQWKHPLGGOHRIWKHPLGGOHODQH 
*UHHQ (QJDJHG 
,QGLFDWHVWKDWWKHYHKLFOHLVEHLQJFRQWUROOHGE\WKHDXWRPDWHG
V\VWHPZKLFKPDQDJHVJHQWOHPDQRHXYUHVDQGLVQRW
GHVLJQHGWRUHVSRQGWRFULWLFDODQGXQH[SHFWHGLQFLGHQWV 
)ODVKLQJ
\HOORZ 8QFHUWDLQ 
,QGLFDWHVWKDWWKHDXWRPDWHGV\VWHPZKLOHFXUUHQWO\IXQFWLRQLQJ
QRUPDOO\WKLQNVWKDWLQWKHQHDUIXWXUHWKHUHPD\EHDVLWXDWLRQ
RQWKHURDGWKDWLWFDQQRWGHDOZLWKDQGWKHUHIRUHUHTXLUHVWKH
GULYHUWRPRQLWRUWKHURDGDQGLQWHUYHQHZKHUHQHFHVVDU\ 
5HG 'LVHQJDJHG ,QGLFDWHVWKDWWKHDXWRPDWLRQLVWHPSRUDULO\XQDYDLODEOH$SSHDUVLPPHGLDWHO\DIWHUDXWRPDWLRQLVGLVHQJDJHG 
  
4th International Driver Distraction and Inattention Conference, Sydney, New South Wales, November 2015 
 
© ARRB Group Ltd and Authors 2015 7 
 
5(68/76$1'',6&866,21 
,QWKLVH[SHULPHQWZHDWWHPSWHGWRVLPXODWHWKHIHHOLQJRIEHLQJ227/GXULQJ+$'E\OLPLWLQJ
V\VWHPDQGHQYLURQPHQWDOLQIRUPDWLRQDQGH[DPLQHGGULYHUV¶DVVHVVPHQWRIWKHFULWLFDOLW\RI
DXWRPDWLRQXQFHUWDLQW\ZDUQLQJVDQGWKHLUDELOLW\WRUHVSRQGWRFULWLFDOVLWXDWLRQV:H
K\SRWKHVLVHGWKDWDVGULYHUVDUHIXUWKHUUHPRYHGIURPWKHORRSWKHLUDELOLW\WRDVVHVVDQG
UHVSRQGWRFULWLFDOVLWXDWLRQVZRXOGEHGHJUDGHGDQGWKDWUHVSRQVHLQKHDY\IRJFRQGLWLRQV
ZRXOGEHZRUVHWKDQOLJKWIRJZKLFKKDVVRPHYLVLELOLW\RIWKHGULYLQJHQYLURQPHQW$GGLWLRQDOO\
ZHH[SHFWHGWKDWGULYHUV¶DELOLW\WRUHFRJQLVHDQGUHVSRQGWRWKHVHFULWLFDOVLWXDWLRQVZRXOGEH
ZRUVHLQDXWRPDWLRQFRPSDUHGWRPDQXDOGULYLQJ 
9DOLGDWLQJWKH227/VWDWH 
7RDVVHVVWKHYDOLGLW\RIWKHVFUHHQPDQLSXODWLRQWHFKQLTXHIRULQGXFLQJDVWDWHRIEHLQJ227/
ZHFRQVLGHUHGGULYHUV¶YLVXDODWWHQWLRQWRWKHURDGVFHQHDQGGULYLQJWDVNE\REVHUYLQJLWV
GLVWULEXWLRQDFURVVILYHVSDWLDOUHJLRQVDVLOOXVWUDWHGLQ)LJXUHVLPLODUWRDWHFKQLTXHXVHGE\
+XJKHVDQG&ROHDQG&DUVWHQHWDO:HXVHG3HUFHQWDJH5RDG&HQWUH35&
9LFWRUDOOVHYHQHYHQWVDQGGXULQJERWKPDQXDODQGDXWRPDWHGGULYLQJ35&ZDV
GHILQHGDVWKHPRGHRIJD]HIL[DWLRQVWKDWIHOOZLWKLQWKHURDGFHQWUHDUHDDFLUFXODUUHJLRQ
ZLWKLQDVPRYLQJZLQGRZ$VGHVFULEHGLQ&DUVWHQHWDOWKHOHIWUHJLRQFRYHUHG
IL[DWLRQVWRWKHFHQWUHFRQVROHHJUDGLRFRQWUROVDVZHOODVWKHOHIWVLGHPLUURUGRRUZLQGRZ
DQGSDVVLQJWUDIILFLQWKHDGMDFHQWODQH7KHULJKWUHJLRQFRYHUHGWKHULJKWVLGHPLUURUGRRU
ZLQGRZDQGSDVVLQJWUDIILFLQWKHDGMDFHQWODQH7KHERWWRPUHJLRQFRYHUHGPDLQO\WKH
GDVKERDUGZKHUHWKHVSHHGRPHWHUDXWRPDWLRQ+0,DQGDYDULHW\RIJDXJHVZHUHORFDWHG7KH
WRSUHJLRQFRYHUHGPDLQO\WKHVN\:HUHDVRQHGWKDWDXWRPDWLRQZRXOGUHGXFHGULYHUV¶DWWHQWLRQ
WRWKHURDGDQGWKHUHIRUHUHGXFH35&YDOXHVLQWKHFHQWUDOUHJLRQLQSDUWLFXODU 
 
Figure 4. Visual attention regions (Carsten et al., 2012). 
7RXQGHUVWDQGZKDWLQIRUPDWLRQPD\EHXVHIXOWRGULYHUVZKHQWKH\DUHUHTXLUHGWRUH-HQJDJHLQ
WKHGULYLQJWDVNZHDOVRFDOFXODWHGWKHSRLQWRIILUVWIL[DWLRQDIWHUHDFKVFUHHQPDQLSXODWLRQ
HQGHGLQWKHWZRDXWRPDWLRQFRQGLWLRQV 
)LQDOO\ZHFRXQWHGWKHIUHTXHQF\RIRFFDVLRQVGULYHUVXVHGWKHLQGLFDWRUVWLFNWRJOLPSVHDWWKH
+0,LQRUGHUWRXQGHUVWDQGZKHWKHUDQGWRZKDWH[WHQWGULYHUVZHUHHQJDJLQJZLWKWKHGULYLQJ
WDVNGXULQJWKHSHULRGVRIVFUHHQPDQLSXODWLRQZKHQDXWRPDWLRQZDVRQ 
'LVWULEXWLRQRIYLVXDODWWHQWLRQ3HUFHQWDJH5RDG&HQWUH 
'ULYHUV¶JD]HEHKDYLRXUZDVDQDO\VHGDFURVV6FUHHQ0DQLSXODWLRQFRQGLWLRQV35&GXULQJ
SHULRGVRI6FUHHQ0DQLSXODWLRQIRUDOOVHYHQSHULRGVRIDXWRPDWLRQZDVFRPSDUHGXVLQJDRQH-
ZD\$QDO\VLVRI9DULDQFH$129$ZLWK'ULYHDXWRPDWLRQPDQXDODVDZLWKLQ-VXEMHFWVIDFWRU
)LJXUHVKRZVWKDWZKHQFRPSDUHGWRWKRVHLQWKHKHDY\IRJFRQGLWLRQSDUWLFLSDQWVLQWKHOLJKW
IRJFRQGLWLRQIL[DWHGRQWKHURDGFHQWUHDKHDGVLJQLILFDQWO\PRUHRIWHQWKDQDQ\RWKHUYLVLEOH
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VHFWLRQVRIWKHGULYLQJHQYLURQPHQW) SȘS 7KHVHFDQEHFRPSDUHGWRWKHFHQWUDO35&YDOXHVLQWKHPDQXDOGULYHZKLFKZHUHIRUWKHOLJKWIRJ
JURXSDQGIRUWKHKHDY\IRJJURXS%\WKHVDPHWRNHQIRUWKHVDPHSHULRGIHZHU
IL[DWLRQVZHUHREVHUYHGWRZDUGVWKHERWWRPRIWKHVFUHHQLQFOXGLQJWKHGDVKERDUGDUHD
) S ȘS DQGWKHOHIWDQGULJKWRIWKHVFUHHQLQFOXGLQJWKHVLGHPLUURUV) S ȘS 
 
Figure 5. Visual attention distribution during Light Fog and Heavy Fog automation drives. 
Error bars = SEM. * p<.05. 
 
(QJDJHPHQWZLWKWKHV\VWHP 
 
Figure 6: Average number of 'peeks' at the hidden automation status throughout the light 
fog and heavy fog automated drives across the experiment. 
7RDVVHVVHQJDJHPHQWZLWKWKHV\VWHPGXULQJDXWRPDWLRQWKHQXPEHURIWLPHVSDUWLFLSDQWV
SXOOHGRQWKHLQGLFDWRUVWLFNWRVHHWKHDXWRPDWLRQVWDWXVZHUHDQDO\VHGXVLQJDPL[HG-GHVLJQ
$129$ZLWKDZLWKLQ-VXEMHFWVIDFWRURI(YHQWV-DQGDEHWZHHQ-VXEMHFWIDFWRURI&RQGLWLRQ
OLJKWIRJKHDY\IRJ0DXFKO\¶VWHVWLQGLFDWHGWKDWWKHDVVXPSWLRQRIVSKHULFLW\KDGEHHQ
YLRODWHGȤ SDQGWKHUHIRUHGHJUHHVRIIUHHGRPZHUHFRUUHFWHGXVLQJ
*UHHQKRXVH-*HLVVHUHVWLPDWHVRIVSKHULFLW\İ 7KHUHZDVDPDLQHIIHFWRI(YHQWV
>) S ȘS @ZKHUHGULYHUVORRNHGDWWKHDXWRPDWLRQVWDWXVOHVV
RIWHQDVWKHGULYHSURJUHVVHGRYHUWKHVHYHQHYHQWV)LJXUH7KLVVXJJHVWVWKDWRYHUWLPH
SDUWLFLSDQWVZHUHPRUHGLVHQJDJHGIURPWKHGULYLQJWDVNSRVVLEO\EHFDXVHWKH\WUXVWHGWKH
V\VWHPPRUHDVWLPHSURJUHVVHG7KHUHZDVQRPDLQHIIHFWRI&RQGLWLRQKRZHYHUZKLFK
* 
* 
* 
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LQGLFDWHVWKDWGULYHUV¶HQJDJHPHQWZDVQRWLQIOXHQFHGE\ZKHWKHURUQRWWKH\FRXOGVHHZKDW
ZDVKDSSHQLQJLQWKHURDGHQYLURQPHQWGXULQJOLJKWIRJYHUVXVKHDY\IRJFRQGLWLRQV7KHUH
ZHUHQRVLJQLILFDQWLQWHUDFWLRQVEHWZHHQ&RQGLWLRQDQG(YHQW 
3RLQWRIILUVWIL[DWLRQ 
:KHQWKHVFUHHQPDQLSXODWLRQZDVWXUQHGRIIPRUHRIWKHSDUWLFLSDQWVGULYLQJLQWKHOLJKWIRJ
FRQGLWLRQORRNHGDWWKHFHQWUHUHJLRQILUVWFRPSDUHGWRWKRVHLQWKHKHDY\IRJFRQGLWLRQ
0 YV0 %\WKHVDPHWRNHQWKHOLJKWIRJJURXSDOVRSDLGOHVVDWWHQWLRQWR
WKHERWWRPUHJLRQZKLFKFRQWDLQHGWKHGDVKERDUGXSRQUHPRYDORIWKHVFUHHQPDQLSXODWLRQ
0 YV0 +RZHYHUDFKL-VTXDUHGWHVWLQGLFDWHGWKDWWKHVHGLIIHUHQFHVZHUH
QRWVWDWLVWLFDOO\VLJQLILFDQW 
'ULYHUUHVSRQVHWRFULWLFDOHYHQWV 
'ULYHUUHVSRQVHPHDVXUHVGXULQJWKHFULWLFDOHYHQWVLQFOXGHGDXWRPDWLRQGLVHQJDJHPHQWWLPHD
FRXQWRIWKHSURFHVVE\ZKLFKSDUWLFLSDQWVGLVHQJDJHGDXWRPDWLRQWKHQXPEHURIODQHFKDQJHV
DQGFROOLVLRQV 
$XWRPDWLRQGLVHQJDJHPHQWWLPHZDVDQDO\VHGZLWKDPL[HG-GHVLJQ$129$ZLWK(YHQWFULWLFDO
HYHQWFULWLFDOHYHQWDVDZLWKLQ-VXEMHFWVIDFWRUDQG&RQGLWLRQOLJKWIRJKHDY\IRJDVD
EHWZHHQ-VXEMHFWVIDFWRU&KL-VTXDUHGWHVWVZHUHFRQGXFWHGRQODQHFKDQJHDQGFROOLVLRQ
FRXQWV 
7KHUHZDVQRHIIHFWRI&RQGLWLRQRQDXWRPDWLRQGLVHQJDJHPHQWWLPH>) S 
ȘS @VXJJHVWLQJWKDWEHLQJ227/SULRUWRWKHFULWLFDOHYHQWGLGQRWLPSHGHGULYHUV¶DELOLW\WRUHDFWWRWKHOHDGYHKLFOHEUDNLQJ7KHUHZDVDOVRQRHIIHFWRI(YHQWDQGQRLQWHUDFWLRQV
EHWZHHQ(YHQWDQG&RQGLWLRQ+RZHYHUDVDUJXHGHDUOLHUGULYHUV¶GLVHQJDJHPHQWWLPHVPLJKW
EHFRQVLGHUHGOHVVLQIRUPDWLYHWKDQZKHWKHUDQGKRZWKH\UHDFWHG 
$VDFRPSDULVRQUHVXOWVIURP7DEOHVKRZWKDWIRUWKHQRQ-FULWLFDOHYHQWVLQERWKWKHOLJKWIRJ 
DQGKHDY\IRJFRQGLWLRQVDXWRPDWLRQZDVRQO\GLVHQJDJHGLQDTXDUWHURIFDVHVZKLOHIRUWKH
FULWLFDOHYHQWVDXWRPDWLRQZDVGLVHQJDJHGLQDOOFDVHV,PSRUWDQWO\RQO\RIWKHVHFULWLFDO
HYHQWGLVHQJDJHPHQWVRFFXUUHGEHIRUHWKHOHDGYHKLFOHEUDNHGVXJJHVWLQJWKDWGXULQJWKH
DXWRPDWLRQXQFHUWDLQW\HYHQWVGULYHUVZHUHDEOHWRUHFRJQLVHWKHFULWLFDOLW\RIWKHVLWXDWLRQOHDG
YHKLFOHEUDNLQJUHGXFHG77&DQGWKHOLNHOLKRRGRIDFROOLVLRQ'ULYHUVZHUHQRWH[SOLFLWO\WROG
KRZWKHV\VWHPZRXOGEHKDYHLQDFULWLFDOVLWXDWLRQZKLFKVXJJHVWVWKDWZKHQGULYHUVGRQRW
NQRZWKHOLPLWDWLRQVRIWKHLUDXWRPDWHGV\VWHPVWKH\WUXVWWKHLURZQDELOLWLHVRYHUWKRVHRIWKH
V\VWHPRUWKH\FRXOGEHVXVSLFLRXVXQWLOWKH\WUXVWLW 
Table 2: Disengagement methods for all cases in the critical and non-critical events 
 
&ULWLFDO(YHQWV 
&DVHV 
1RQ-&ULWLFDO(YHQWV
 &DVHV 
/LJKW)RJ +HDY\)RJ /LJKW)RJ +HDY\)RJ 
%UDNH     
6WHHU     
%XWWRQ     
$XWRPDWLRQ5HPDLQHG(QJDJHG     
7RWHVWIRUDVVRFLDWLRQVRIODQHFKDQJHVEHWZHHQWKHIRXUFRQGLWLRQVDFKL-VTXDUHGDQDO\VLV
ZDVFRQGXFWHG7DEOHVKRZVWKDWGULYHUVPDGHIHZHUODQHFKDQJHVLQWKHDXWRPDWLRQ
FRQGLWLRQFRPSDUHGWRPDQXDOGULYLQJ+RZHYHUHYHQWKRXJKGULYHUVZHUHDEOHWRUHFRJQLVHWKH
FULWLFDOLW\RIWKHHYHQWIROORZLQJDXWRPDWLRQWKH\ZHUHVWLOOXQDEOHWRDYRLGDFROOLVLRQZLWKDFKL-
VTXDUHGWHVWUHYHDOLQJWKDWVLJQLILFDQWO\PRUHFROOLVLRQVZLWKWKHOHDGYHKLFOHRFFXUUHGLQWKH
DXWRPDWLRQWKDQPDQXDOGULYHVS 'XULQJDXWRPDWLRQWKHUHZDVDPDUNHGLQFUHDVHLQ
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FROOLVLRQVZKHQWKHKHDY\IRJPDQLSXODWLRQZDVRQFRPSDUHGWRWKHOLJKWIRJFRQGLWLRQZLWKWKH
WUHQGPRUHSURPLQHQWLQWKHILUVWFULWLFDOHYHQW7KHVHUHVXOWVVXJJHVWWKDWFRPSDUHGWRPDQXDO
GULYLQJDXWRPDWLRQUHGXFHGGULYHUV¶DELOLW\WRDYRLGDFROOLVLRQDQGSDUWLFXODUO\VRZKHQGULYHUV
ZHUHIXUWKHURXWRIWKHORRSLQWKHKHDY\IRJFRQGLWLRQ 
Table 3: Lane Changes and collision counts (in brackets) 
$XWRPDWLRQ 0DQXDO 
&ULWLFDO(YHQW &ULWLFDO(YHQW &ULWLFDO(YHQW &ULWLFDO(YHQW 
/LJKW)RJ     
+HDY\)RJ     
9HKLFOHPHDVXUHV 
7RH[DPLQHGULYHU¶VRYHUDOOYHKLFOHFRQWUROGXULQJWKHWUDQVLWLRQLQFULWLFDOHYHQWV
ORQJLWXGLQDOGULYLQJSHUIRUPDQFHZDVPHDVXUHGXVLQJPD[LPXPGHFHOHUDWLRQIURPWKHSRLQWRI
UHVXPSWLRQRIPDQXDOFRQWUROWRWKHHQGRIWKHFULWLFDOHYHQWZKLFKZDVVHFRQGVDIWHUWKH
OHDGYHKLFOH¶VEUDNHOLJKWLOOXPLQDWHG7DNHQLQWKHVDPHWLPHIUDPHODWHUDOGULYLQJSHUIRUPDQFH
ZDVPHDVXUHGXVLQJPD[LPXPODWHUDODFFHOHUDWLRQZKLFKKDVDOVREHHQXVHGSUHYLRXVO\DVD
PHDVXUHRIYHKLFOHFRQWURO*ROGHWDO/RXZHWDO0LQLPXPGLVWDQFHKHDGZD\DV
DPHDVXUHRIKRZFORVHDGULYHUFDPHWRWKHUHDURIWKHOHDGYHKLFOHZDVDOVRFDOFXODWHG$
PL[HG-GHVLJQ$129$ZDVFRQGXFWHGRQ'ULYHDXWRPDWLRQPDQXDODQG(YHQWFULWLFDOHYHQW
FULWLFDOHYHQWDVZLWKLQ-VXEMHFWVIDFWRUVDQG&RQGLWLRQOLJKWIRJKHDY\IRJDVDEHWZHHQ-
VXEMHFWVIDFWRUIRUPD[LPXPODWHUDODFFHOHUDWLRQPD[LPXPGHFHOHUDWLRQDQGPLQLPXP
KHDGZD\ 
0D[LPXPODWHUDODFFHOHUDWLRQ 
0D[LPXPODWHUDODFFHOHUDWLRQZDVVLJQLILFDQWO\KLJKHULQWKHDXWRPDWHGGULYHVFRPSDUHGWRWKH
PDQXDOGULYHV0 PV6( PVYV0 PV6( PVUHVSHFWLYHO\
) S ȘS VXJJHVWLQJWKDWIROORZLQJUH-HQWU\LQWRPDQXDOFRQWUROGULYHUVGLVSOD\HGOHVVVWDEOHYHKLFOHFRQWUROLQUHVSRQVHWRDSRWHQWLDOFROOLVLRQVFHQDULR
FRPSDUHGWRPDQXDOGULYLQJ+RZHYHUWKHUHZDVQRHIIHFWRI&RQGLWLRQRU(YHQWDQGDOVRQR
LQWHUDFWLRQV 
0D[LPXPGHFHOHUDWLRQ 
7KHUHZDVDVLJQLILFDQWHIIHFWRI'ULYHRQPD[LPXPGHFHOHUDWLRQ>) S 
ȘS @ZLWKSDUWLFLSDQWVUHGXFLQJWKHLUVSHHGDWDKLJKHUUDWHLQWKHDXWRPDWHGGULYH0 -
PV6( PVYV0 -PV6( PV$VVKRZQLQ)LJXUHWKLVHIIHFWZDV
TXDOLILHGE\WKHLQWHUDFWLRQEHWZHHQ'ULYHDQG&RQGLWLRQ>) S ȘS @
ZKHUHWKHGLIIHUHQFHLQPD[LPXPGHFHOHUDWLRQEHWZHHQWKHDXWRPDWLRQDQGPDQXDOGULYHVZDV
VLJQLILFDQWO\JUHDWHULQWKHOLJKWIRJFRQGLWLRQ7KHUHZDVQRHIIHFWRI&RQGLWLRQRU(YHQWDQGQR
RWKHULQWHUDFWLRQV 
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Figure 7: Maximum deceleration for the two Drives and for the two Conditions. Error bars 
= SEM. 
+HDGZD\ 
7KHUHZDVDPDLQHIIHFWRI'ULYHRQPLQLPXPKHDGZD\>) S ȘS @
EHLQJVLJQLILFDQWO\VKRUWHULQWKHDXWRPDWHGGULYH0 P6( WKDQLQWKHPDQXDOGULYH
0 P6( P7KHUHVXOWRIWKLVORZHUKHDGZD\LVDOVRGHPRQVWUDWHGE\WKHKLJKHU
FROOLVLRQFRXQWLQWKHDXWRPDWHGGULYHV7DEOH7KHUHZDVDQHIIHFWRI&RQGLWLRQIRUKHDGZD\
>) S ȘS @ZLWKGULYHUVLQWKHKHDY\IRJFRQGLWLRQKDYLQJDVLJQLILFDQWO\VKRUWHUKHDGZD\0 6( PFRPSDUHGWRWKHOLJKWIRJFRQGLWLRQ0 P
6( PEXWWKLVUHVXOWQHHGVWREHLQWHUSUHWHGFDXWLRXVO\EHFDXVHRIWKHLQWHU-JURXS
YDULDQFHLQKHDGZD\LQWKLVEHWZHHQ-VXEMHFWVGHVLJQ7KLVLVIXUWKHUVXSSRUWHGE\WKH
GLIIHUHQFHVLQFROOLVLRQFRXQWVEHWZHHQWKHOLJKWIRJDQGKHDY\IRJFRQGLWLRQV7KHUHZDVD
VLJQLILFDQWHIIHFWRI(YHQWIRUKHDGZD\>) S ȘS @ZLWKVKRUWHU
KHDGZD\LQWKHVHFRQGFULWLFDOHYHQW0 P6( PFRPSDUHGWRWKHILUVW0 P
6( P 
6800$5<$1'&21&/86,216 
3UHYLRXVVWXGLHVRQWKHKXPDQIDFWRUVRIWKHWUDQVLWLRQIURP+$'WRPDQXDOGULYLQJKDYH
DWWULEXWHGOHVVHIIHFWLYHUHWXUQ-WR-PDQXDOSHUIRUPDQFHWRWKHUDWKHUSRRUO\XQGHUVWRRGKXPDQ
227/SUREOHP7RLQYHVWLJDWHWKHUHODWLYHFRQWULEXWLRQRIWKHGULYHU227/VWDWHWRGULYLQJ
SHUIRUPDQFHGXULQJWKLVWUDQVLWLRQWKHFXUUHQWVWXG\DWWHPSWHGWRVLPXODWHWKHGULYHU227/
VWDWHDQGWRH[DPLQHZKHWKHULWDIIHFWHGGULYHUV¶DELOLW\WRUHFRJQLVHDQGUHVSRQGWRDFULWLFDO
VLWXDWLRQ 
:HK\SRWKHVLVHGWKDWE\OLPLWLQJV\VWHPDQGHQYLURQPHQWDOLQIRUPDWLRQGXULQJDXWRPDWLRQDQG
SULRUWRDQDXWRPDWLRQXQFHUWDLQW\HYHQWGULYHUVZRXOGKDYHDUHGXFHGDELOLW\WRUHFRJQLVHDQG
UHVSRQGWRDFULWLFDOVFHQDULR(\HJODQFHGDWDVKRZHGWKDWGXULQJDXWRPDWLRQZKHQWKHVFUHHQ
ZDVPDQLSXODWHGE\DKHDY\IRJFRQGLWLRQGULYHUVZHUHOHVVHQJDJHGZLWKWKHGULYLQJWDVNDQG
UHGXFHGWKHLUDWWHQWLRQWRWKHURDGFHQWUH+RZHYHUGULYHUVZHUHDEOHWRGHWHUPLQHWKHFULWLFDOLW\
RIWKHLPSHQGLQJFROOLVLRQFULWLFDOHYHQWVGLVHQJDJLQJDXWRPDWLRQDIWHUWKHOHDGYHKLFOHEUDNHG
LQDOOEXWRIFDVHV<HWVLPSO\UHFRJQLVLQJWKHKD]DUGGLGQRWVHHPVXIILFLHQWDVGULYHUV
FROOLGHGZLWKWKHOHDGYHKLFOHLQRIFULWLFDOHYHQWFDVHV'ULYHUVVHHPHGWREHPRUHRXWRI
WKHORRSLQWKHKHDY\IRJFRQGLWLRQZLWKPRUHFROOLVLRQVDIWHUWKLVPDQLSXODWLRQWKDQWKHOLJKWIRJ
FRQGLWLRQDOWKRXJKGLIIHUHQFHVZHUHQRWVLJQLILFDQWO\GLIIHUHQW 
,QWKHVWXG\UHSRUWHGE\%HOOHUHWDOFRPPXQLFDWLQJDXWRPDWLRQXQFHUWDLQW\ZDVIRXQG
WRLPSURYHGULYHU-DXWRPDWLRQLQWHUDFWLRQVXFKDVDQLPSURYHGWLPHWRFROOLVLRQLQWKHFDVHRI
DXWRPDWLRQIDLOXUH7KH\DOVRUHSRUWKLJKHUWUXVWUDWLQJVDQGLQFUHDVHGDFFHSWDQFHRIWKH
V\VWHP7KLVVWXG\H[WHQGVWKHZRUNRI%HOOHUHWDOE\LQYHVWLJDWLQJWKHHIIHFWRIVXFK
XQFHUWDLQW\RQDKLJKHUUDQJHRIYHKLFOHFRQWUROPHDVXUHV 
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:HIRXQGWKDWZKHQGULYHUVZHUHQRWLQSK\VLFDOFRQWURORIWKHYHKLFOHDQGKDGDQDUWLILFLDOO\
UHGXFHGVLWXDWLRQDZDUHQHVVGXULQJDXWRPDWHGGULYLQJWKHLUUHVSRQVHWRDQLPSHQGLQJFROOLVLRQ
DIWHUDQXQFHUWDLQW\PHVVDJHLQFULWLFDOHYHQWVLQYROYHGJUHDWHUPD[LPXPGHFHOHUDWLRQDQG
KLJKHUPD[LPXPODWHUDODFFHOHUDWLRQVZKLOVWWKH\DOVRPDLQWDLQHGDVKRUWHUKHDGZD\ZLWKWKH
OHDGYHKLFOHZKHQUHVXOWVZHUHFRPSDUHGWRPDQXDOGULYLQJSHUIRUPDQFH7KHUHVSRQVHSURILOH
RIGULYHUVWRDSRWHQWLDOFROOLVLRQVFHQDULRZDVWKHUHIRUHOHVVFRQWUROOHGDQGPRUHDJJUHVVLYH
LPPHGLDWHO\DIWHUWKHWUDQVLWLRQ*LYHQWKDWWKHXQFHUWDLQW\DODUPZDVQRWDWDNH-RYHU-UHTXHVW
EXWUDWKHUDUHTXHVWWRPRQLWRUWKHV\VWHPDQGLQWHUYHQHLIWKH\GHHPHGQHFHVVDU\LWLVGLIILFXOW
WRDFFXUDWHO\DVVHVVUHVSRQVHWLPHWRDQHYHQW1HYHUWKHOHVVWDNHQWRJHWKHUWKHVHGLIIHUHQFHV
VXJJHVWWKDWIROORZLQJDXWRPDWLRQGULYHUVKDYHDGLPLQLVKHGFDSDFLW\WRUHVSRQGDVWKH\ZRXOG
XQGHUQRUPDOPDQXDOFRQWURO$SDUWIURPWKHKLJKHUFROOLVLRQFRXQWLQWKHKHDY\IRJDXWRPDWLRQ
GULYHGULYHUUHVSRQVHDIWHUWKHWUDQVLWLRQZDVIRXQGWREHVLPLODUEHWZHHQWKHWZRVFUHHQ
PDQLSXODWLRQFRQGLWLRQV+RZHYHULWLVQRWFXUUHQWO\FOHDUZKHWKHUWKLVODFNRIGLIIHUHQFH
EHWZHHQWKHWZROHYHOVRIVFUHHQPDQLSXODWLRQDLPHGDWWDNLQJGULYHUVIXUWKHU227/ZDVDQ
LQDSSURSULDWHDSSOLFDWLRQRIWKHPHWKRGRORJ\RUZKHWKHUWKHYHKLFOH-EDVHGPHDVXUHVXVHGWR
WHVWWKLVK\SRWKHVLVZHUHQRWUREXVWHQRXJKWRKLJKOLJKWDQ\SRVVLEOHGLIIHUHQFHV 
2QHRIWKHFKDOOHQJHVRIXVLQJWKHVFUHHQPDQLSXODWLRQWHFKQLTXHWRLQGXFHWKH227/VWDWHLV
WKDWGULYHUVDUHOLNHO\DZDUHWKDWWKH\DUHORVLQJLQIRUPDWLRQ,QUHDOLW\ZKHQGULYHUVDUH227/
DVDUHVXOWRIDGLVWUDFWLQJQRQ-GULYLQJWDVNRULQGHHGYHKLFOHDXWRPDWLRQWKH\PD\QRWNQRZ
WKHH[WHQWWRZKLFKWKH\DUH227/7KHUHIRUHWKHWHFKQLTXHXVHGLQWKLVVWXG\PD\ZHOOEH
XQGHUHVWLPDWLQJWKHHIIHFWVRIEHLQJ227/LQDXWRPDWLRQRQDGULYHU¶VDELOLW\WRUHVSRQGLQ
FULWLFDOVLWXDWLRQV,QDGGLWLRQDV'HNNHUSRLQWVRXWWKHORVVRIVLWXDWLRQDZDUHQHVVRU
GHILFLHQWVLWXDWLRQDZDUHQHVVLVH[SODLQHGE\UHIHUHQFHWRDQ³LGHDO´SRWHQWLDOVWDWHRIVLWXDWLRQ
DZDUHQHVVZKHUHRQHQRWLFHVWKLQJVWKDWWXUQRXWWREHFULWLFDO,QWKHFRQWH[WRIYHKLFOH
DXWRPDWLRQWKLV³LGHDO´LVOLNHO\FORVHO\OLQNHGWRGULYHUV¶XQGHUVWDQGLQJRIWKHIXQFWLRQDOLW\DQG
EHKDYLRXURIWKHDXWRPDWHGV\VWHP%HIRUHKLJKHUOHYHOVRIYHKLFOHDXWRPDWLRQEHFRPH
XELTXLWRXVLWLVLPSRUWDQWIRUXVWRXQGHUVWDQGKRZGULYHUVLQWHUDFWZLWKWKHLUYHKLFOH¶VDXWRPDWLRQ
V\VWHPLQG\QDPLFHQYLURQPHQWVVXFKWKDWWKHGHVLJQRIWKHVHV\VWHPVDXJPHQWWKHOLPLWDWLRQV
RIWKHGULYHULQWKLVQHZFRQWH[W)XWXUHVWXGLHVRQGULYHU-DXWRPDWLRQLQWHUDFWLRQVKRXOG
WKHUHIRUHVWULYHWRLQWHJUDWHGHHSHUFRQWH[WDQGPHDQLQJLQWRWKHGHVLJQRIH[SHULPHQWVDQG
VFHQDULRV 
,WLVDOVRSHUWLQHQWWRDFNQRZOHGJHWKDWWKHPHDVXUHVXVHGPD\EHPRUHPHDQLQJIXOZKHQ
DQDO\VHGDFFRUGLQJWRWKHQDWXUHRIWKHGULYHU¶VUHVSRQVHWRDFULWLFDOHYHQW)RUH[DPSOH
PHDVXUHVRIODWHUDODFFHOHUDWLRQZLOOEHGLIIHUHQWIRUWKRVHZKRVWHHUFRPSDUHGWRWKRVHZKR
RQO\EUDNH)XUWKHUVWXGLHVDUHFXUUHQWO\LQSURJUHVVLQRXUODERUDWRULHVWRLQYHVWLJDWHWKHVH
LGHDVLQPRUHGHWDLOE\FRPSDULQJWKHUHVXOWVIURPWKLVVWXG\ZLWKRWKHUW\SHVRIVFUHHQ
PDQLSXODWLRQLQFOXGLQJWKHXVHRIGLVWUDFWLQJWDVNV 
$&.12:/('*(0(176 
7KLVUHVHDUFKZDVFRQGXFWHGDVSDUWRIWKH(8-IXQGHG$GDSW,9HSURMHFW7KHDXWKRUVZRXOGOLNH
WRWKDQN7RQ\+RUURELQ0LFKDHO'DO\DQG$QGUHZ7RPOLQVRQIRUWKHLUDVVLVWDQFHLQ
LPSOHPHQWLQJWKHVLPXODWRUVFHQDULRV 
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5()(5(1&(6 
%HOOHU-+HHVHQ0DQG9ROOUDWK0,PSURYLQJWKH'ULYHU±$XWRPDWLRQ,QWHUDFWLRQ$Q
$SSURDFK8VLQJ$XWRPDWLRQ8QFHUWDLQW\+XPDQ)DFWRUV- 
&DUVWHQ2DQG9DQGHUKDHJHQ)6LWXDWLRQDZDUHQHVV9DOLGRUIDOODFLRXV"&RJQLWLRQ
7HFKQRORJ\	:RUN- 
&DUVWHQ2/DL)&+%DUQDUG<-DPVRQ$+DQG0HUDW1&RQWUROWDVN
VXEVWLWXWLRQLQVHPL-DXWRPDWHGGULYLQJ'RHVLWPDWWHUZKDWDVSHFWVDUHDXWRPDWHG"+XPDQ
)DFWRUV± 
'H:LQWHU-&)+DSSHH50DUWHQV0+DQG6WDQWRQ1$(IIHFWVRIDGDSWLYH
FUXLVHFRQWURODQGKLJKO\DXWRPDWHGGULYLQJRQZRUNORDGDQGVLWXDWLRQDZDUHQHVV$UHYLHZRI
WKHHPSLULFDOHYLGHQFH7UDQVSRUWDWLRQ5HVHDUFK3DUW)3DUW%- 
'HNNHU6:$7HQ4XHVWLRQVDERXW+XPDQ(UURU$1HZ9LHZRI+XPDQ)DFWRUVDQG
6\VWHP6DIHW\/DZUHQFH(UOEDXP1HZ-HUVH\ 
(QGVOH\057RZDUGDWKHRU\RIVLWXDWLRQDZDUHQHVVLQG\QDPLFV\VWHPV+XPDQ
)DFWRUV± 
*ROG&DQG%HQJOHU.7DNLQJ2YHU&RQWUROIURP+LJKO\$XWRPDWHG9HKLFOHV
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG+XPDQ)DFWRUVDQG(UJRQRPLFV
$+)(.UDNyZ3RODQG--XO\ 
*ROG&'DPE|FN'/RUHQ]/DQG%HQJOHU.³7DNHRYHU´+RZORQJGRHVLWWDNHWR
JHWWKHGULYHUEDFNLQWRWKHORRS"´3URFHHGLQJVRIWKH+XPDQ)DFWRUVDQG(UJRQRPLFV6RFLHW\
$QQXDO0HHWLQJ6HSWHPEHU- 
*RRGULFK0$DQG%RHU(50XOWLSOHPHQWDOPRGHOVDXWRPDWLRQVWUDWHJLHVDQG
LQWHOOLJHQWYHKLFOHV\VWHPV3URFHHGLQJV,(((,((--6$,FRQIHUHQFHRQLQWHOOLJHQW
WUDQVSRUWDWLRQV\VWHPV2FWREHU±7RN\R-DSDQ 
+HUJHWK6/RUHQ]/.UHPV-DQG7RHQHUW/(IIHFWVRI7DNH-2YHU5HTXHVWVDQG
&XOWXUDO%DFNJURXQGRQ$XWRPDWLRQ7UXVWLQ+LJKO\$XWRPDWHG'ULYLQJ,Q3URFHHGLQJVRIWKHWK
,QWHUQDWLRQDO'ULYLQJ6\PSRVLXPRQ+XPDQ)DFWRUVLQ'ULYHU$VVHVVPHQW7UDLQLQJDQG9HKLFOH
'HVLJQSS-6QRZELUG8WDK 
+XJKHV3.DQG&ROH%/7KHHIIHFWRIDWWHQWLRQDOGHPDQGRQH\HPRYHPHQW
EHKDYLRXUZKHQGULYLQJ,Q$**DOH0+)UHHPDQ&0+DVOHJUDYH36PLWK	63
7D\ORU(GV9LVLRQLQYHKLFOHV,,SS±$PVWHUGDP1HWKHUODQGV1RUWK-+ROODQG 
-DPVRQ$+0HUDW1&DUVWHQ20-DQG/DL)&+%HKDYLRXUDOFKDQJHVLQ
GULYHUVH[SHULHQFLQJKLJKO\-DXWRPDWHGYHKLFOHFRQWUROLQYDU\LQJWUDIILFFRQGLWLRQV
7UDQVSRUWDWLRQ5HVHDUFK3DUW&(PHUJLQJ7HFKQRORJLHV± 
/HH-''\QDPLFVRI'ULYHU'LVWUDFWLRQ7KHSURFHVVRIHQJDJLQJDQGGLVHQJDJLQJ
$QQDOVRI$GYDQFHVLQ$XWRPRWLYH0HGLFLQH± 
/HH-'5HJDQ0$DQG<RXQJ./'HILQLQJGULYHUGLVWUDFWLRQ,Q0$5HJDQ-
'/HHDQG./<RXQJ(GV'ULYHU'LVWUDFWLRQ7KHRU\(IIHFWVDQG0LWLJDWLRQSS±
%RFD5DWRQ)/&5&3UHVV 
/L6<:0DJUDEL)DQG&RLHUD($V\VWHPDWLFUHYLHZRIWKHSV\FKRORJLFDO
OLWHUDWXUHRQLQWHUUXSWLRQDQGLWVSDWLHQWVDIHW\LPSOLFDWLRQV-RXUQDORIWKH$PHULFDQ0HGLFDO
,QIRUPDWLFV$VVRFLDWLRQ-$0,$±GRLDPLDMQO-- 
/RXZ70HUDW1DQG-DPVRQ$+(QJDJLQJZLWK+LJKO\$XWRPDWHG'ULYLQJ7REHRU
QRWWREHLQWKHORRS",Q3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO'ULYLQJ6\PSRVLXPRQ+XPDQ
)DFWRUVLQ'ULYHU$VVHVVPHQW7UDLQLQJDQG9HKLFOH'HVLJQSS-6QRZELUG8WDK
doi:10.13140/RG.2.1.2788.9760  
0HUDW1DQG/HH-'3UHIDFHWRWKHVSHFLDOVHFWLRQRQKXPDQIDFWRUVDQG
DXWRPDWLRQLQYHKLFOHVGHVLJQLQJKLJKO\DXWRPDWHGYHKLFOHVZLWKWKHGULYHULQPLQG+XPDQ
)DFWRUV± 
4th International Driver Distraction and Inattention Conference, Sydney, New South Wales, November 2015 
 
© ARRB Group Ltd and Authors 2015 14 
 
0HUDW1-DPVRQ$+/DL)&DQG&DUVWHQ2+LJKO\DXWRPDWHGGULYLQJ
VHFRQGDU\WDVNSHUIRUPDQFHDQGGULYHUVWDWH+XPDQ)DFWRUV7KH-RXUQDORIWKH+XPDQ
)DFWRUVDQG(UJRQRPLFV6RFLHW\- 
0ROOR\5DQG3DUDVXUDPDQ50RQLWRULQJDQDXWRPDWHGV\VWHPIRUDVLQJOHIDLOXUH
9LJLODQFHDQGWDVNFRPSOH[LW\HIIHFWV+XPDQ)DFWRUV- 
1HXEDXHU&0DWWKHZV*/DQJKHLP/DQG6D[E\')DWLJXHDQGYROXQWDU\
XWLOL]DWLRQRIDXWRPDWLRQLQVLPXODWHGGULYLQJ+XPDQ)DFWRUV- 
6$(-7D[RQRP\DQG'HILQLWLRQVIRU7HUPV5HODWHGWR2Q-5RDG0RWRU9HKLFOH
$XWRPDWHG'ULYLQJ6\VWHPV6RFLHW\RI$XWRPRWLYH(QJLQHHUV 
6WUD\HU'/DQG-RKQVWRQ:$'ULYHQWRGLVWUDFWLRQ'XDO-WDVNVWXGLHVRIVLPXODWHG
GULYLQJDQGFRQYHUVLQJRQDFHOOXODUSKRQH3V\FKRORJLFDO6FLHQFH± 
9LFWRU7:.HHSLQJH\HDQGPLQGRQWKHURDG'RFWRUDOWKHVLV8SSVDOD8QLYHUVLW\
8SSVDOD 
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$87+25%,2*5$3+,(6 
7\URQ/RXZLVD3K'VWXGHQWDWWKH,QVWLWXWHIRU7UDQVSRUW6WXGLHV8QLYHUVLW\RI/HHGV+H
REWDLQHG%6F+RQVDQG06F5HVHDUFKGHJUHHVLQ(UJRQRPLFVIURP5KRGHV8QLYHUVLW\
6RXWK$IULFD+LVPDLQUHVHDUFKDUHDLVLQGULYHUEHKDYLRXUDQGKLV3K'UHVHDUFKIRFXVHVRQWKH
KXPDQIDFWRUVRIWUDQVLWLRQVLQKLJKO\DXWRPDWHGGULYLQJ+HLVDOVRD5HVHDUFK$VVLVWDQWRQWKH
(8-IXQGHGSURMHFWV&LW\0RELODQG$GDSW,9HZKHUHKHLQYHVWLJDWHVURDGXVHUV
LQWHUDFWLRQV
ZLWKDXWRPDWHGURDGWUDQVSRUWV\VWHPVDQGWULHVWRXQGHUVWDQGKRZGULYHUVFDQVDIHO\LQWHUDFW
ZLWKDXWRPDWHGYHKLFOHV 
*HRUJLRV.RXQWRXULRWLVLVD3RVWGRFWRUDO5HVHDUFK)HOORZDWWKH,QVWLWXWHIRU7UDQVSRUW6WXGLHV
8QLYHUVLW\RI/HHGV+LVEDFNJURXQGLVLQ3V\FKRORJ\3HUFHSWLRQ$FWLRQDQGKLVPDLQUHVHDUFK
LQWHUHVWVDUHKRZKXPDQVXVHYLVXDOLQIRUPDWLRQDQGH\H-PRYHPHQWVWRHQDEOHVXFFHVVIXO
ORFRPRWLRQXQGHUYDULRXVFRQGLWLRQVLQFOXGLQJFRJQLWLYHORDGDVZHOODVKRZKXPDQVDUHDEOHWR
UHVXPHFRQWURORIDYHKLFOHDIWHUDKLDWXV 
2OLYHU&DUVWHQLV3URIHVVRURI7UDQVSRUW6DIHW\DWWKH,QVWLWXWHIRU7UDQVSRUW6WXGLHV8QLYHUVLW\
RI/HHGV+LVPDMRUUHVHDUFKIRFXVLVRQGULYHULQWHUDFWLRQDQGVDIHW\ZLWKQHZGULYHUVXSSRUW
V\VWHPV+HOHGWKH8.QDWLRQDOSURMHFWRQ,QWHOOLJHQW6SHHG$GDSWDWLRQDQGFKDLUVWKH5RDG
8VHU%HKDYLRXU:RUNLQJ3DUW\RI3$&76WKH3DUOLDPHQWDU\$GYLVRU\&RXQFLOIRU7UDQVSRUW
6DIHW\+HKDVSURYLGHGDGYLFHRQVDIHW\SROLF\WRWKH8.'HSDUWPHQWIRU7UDQVSRUWDQGWKH
(XURSHDQ7UDQVSRUW6DIHW\&RXQFLO+HLVHGLWRU-LQ-FKLHIRIWKHDFDGHPLFMRXUQDO&RJQLWLRQ
7HFKQRORJ\DQG:RUN 
1DWDVKD0HUDWLVDQ$VVRFLDWH3URIHVVRUDWWKH,QVWLWXWHIRU7UDQVSRUW6WXGLHV8QLYHUVLW\RI
/HHGV6KHKDVDEDFNJURXQGLQ3V\FKRORJ\DQGKHUUHVHDUFKLQWHUHVWVUHODWHWRXQGHUVWDQGLQJ
WKHLQWHUDFWLRQRIGULYHUVZLWKQHZWHFKQRORJLHVLQDQGRXWRIWKHYHKLFOH6KHXVHVWKH
8QLYHUVLW\RI/HHGV'ULYLQJ6LPXODWRUIRUPRVWRIKHUUHVHDUFKDQGLVSDUWLFXODUO\LQWHUHVWHGLQ
XQGHUVWDQGLQJKRZGULYHUGLVWUDFWLRQDIIHFWVGULYLQJSHUIRUPDQFHDQGDOVRLQVWXG\LQJWKHKXPDQ
IDFWRUVLPSOLFDWLRQVRIYHKLFOHDXWRPDWLRQ 
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